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151.8 

155.6 

deep. Probtibl a full half mile behind the first wave 
something simzw to a tide rip a peared, waves 3 to 4 

rwing up the river. They would have made very rough 
going for a small boat. 

As contrasted with the bore we saw it is said that, the 
first wave is 10 feet high at  times. In  September, 1923, 
a small steamer was wrecked by the bore Hnd succeeding 
waves, with a loss of 130 lives. That is the sort of bore 
we did not see. 

Because of the need of getting back to Culexico that 
ni h t  we did not wait to see the high tide. 

seturnin from Calexico to Yuma the next day the 

tunity to see the effect of the worst windstomi in yews 
on the sand hills. Where the road crosses this "Saharn 
of America" the sand-hill area is about 5 miles wide. 
An eight foot plank road hus been built through this 
section which would otherwise be impassdde and m 
average of about 200 cars pass over it daily. The 
shifting sands have'always been a robleni tmd men with 
teams and scrapers are maintaines at all times to keep 
the toad clear. This storm had been too much for them. 
Tongues of sand crossed the road in perhaps a hundred 
laces. Where they were not over a foot or 18 inches 

Zeep the car took them on the rush but over the most 
exposed portion of the road the sand drifts were 4 or 5 
feet deep. Some 60 cars were tied up when we arrived, 
some of them had been there 24 hours and our stock of 
provisions left from trip was quickly disposed of. To 
the east it was 10 miles to food and water, to the west 5 
miles to the headquarters of the road workers. The 
wind was blowing a gale and the sand was ohg with it,. 

This opportunity was ideal save for the fact that for the 
next s1x hours we were constantly busy helpin others 

at last free to go. &e impression of a storm in the sand 
hills is not very different from that of a snowstorm; 
there is the unending stretch of light grey sand, huge 
drifts and the air filled with flying particles. I hope to 
spend a day there a little later in the season with anemom- 
eter and single register getting an idea. of the wind 
movement and rogress of the dunes. The problem of a 

department would welcome an definite information. 

through the sand hills also and the Reclamation Service 
is a m o u s  to secure data on sand movement as a problem 
for the canal. 

Because of the high wind ana sand haze pictures taken 
on the trip were not entire1 satisfactory. I am inclos- 
ing a few of the best secured 

feet high probably not over 20 P eet from crest to crest 

two other Q uma members of the party and I had oppor- 

I have long wanted to watch a storm in t% e sand hills. 

and bein helped. In that time we moved 9 orward 
nearly ha Tf a mile, ast the worst obstructions and were 

road has not % een satisfactorily solved and the road 

The &American canal to the 9 mperial Valley is to go 
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LEE ON EVAPORATION LOSS FROM WATER SURFACES: 
.MOIST SOILS, WITH SPECIAL REFERENCE TO CON- 
DITIONS IN WESTERN AMERICA 

)feet diameter,'_____ do _ _ _ _ _ _ _  im.0 
3 feet deep. 

3.39feetdiam- -____do  _ _ _ _ - _ _  llQZ 
eter 3 b t  

Bfeet diameter, _ _ _ _ _  do _ _ _ _ _ _ _  110.2 
:::deep. I 1 

0 feet diameter. _____do  _ _ _ _ _ _ _ ,  101. I 
3 feet deep. 

Various _ _ _ _ _ _ _  On raft _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
3hy3feet, 1.5 Submerged I 1 l a 1  

feet deep. 1 1.2bfeet. 

By A. J. HENRY, Meteorologist 
[Weather Bureau, Washin!&n. Mweh. 19241 

[Abstrartl 

The author writes from the standpoint of the ractical 
hydrolo 'st rather than from that of the p%ysicist. 
After gec t ing  attention to the increasing needs for 
more accurate me8suTes of eva oration he stressea the 

observation, a subject to which further reference will be 
made later. 

necessity for the adoption o P standard methods of 

-18tO+li. 

-l5to+19. 

-llto+10. 

-13 to +9. 

-lOto+ll. 

Attention is directed to the common failure of many 
experimenters to closely simulate in the exposure of the 
experimental pans the natural conditions in the lake 
or other body of water whose era oration is sought. 
Thus floati 

lake or reservoir. In his experience the tam erature of 
the water in floating pans made of light co P ored metal 
and ke t clean does not vary more than lo F. or 1.5' F. 

In the matter of vapor pressure, according to the 
author, there is even greater departure from natural 
conditions. Too little attention is given to securing 
a free movement of the air across the pan. 

The size of the pan, too, is often given too little 
consideration. 

Concerning lack of standardization of methods of 
measuring evaporation from water surfaces a list of 
methods in general use is presented, as in the table 
below; the table contains in the column next to the last 
on the right values of the relations of the various rates 
to that from a 12-foot land pan set in the ground. The 
data are queted from Sleight. 
TABLE l:-Varhus devices tcsed for nreasuring evaporation from 

pans submer ed in a P arge body of water 
approach rat 5 er closely to I t e actual temperature of the 

from t gA t of the surrounding water. 

. -. .- - 

TY pe 

Piche evap 
orimenter. 

.4u pan. - _ _  
Land pan.- 

Land pan or 
tank. 

F l o a t i n g  
pan. 

Relation to evaporation 
pan set in gronnd as 
observed by Ileiiht 

Sire Summd- 
in@ Used by- 

U.S. W.B _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  In instru- I ' mentshel- 

U. 9. W. B. at 
Reno a n d  
Salton Sea. 

U. S. W. B. 
standard. 

U. 8. D. A. 
and Sta te  
experiment 
stations. 

,__-.do _ _ _ _ _  _ _ _ _  
.----do. _ _ _  - - - - 

. . -. .do.-. -. - - 

. . - --do _ _ _ _  - - _ _  - 
U. S. W. B.st 

saltonsea. I 
U.. S. 0. 8. ! 

standard. 

I 

! various - _ _  _ _ _ _  
4 feet dmm- 

I foot diameter,, 
3 feet deep. 

inches beep. 

I 

~~ 

tw. 
E l e v a t e d  

aboveland 
or water 
suriaee. 

A b o v e  
ground. 

S e t  i n  
g r o u n d  
2.7 feet. 

1 Ap lying corfeetion determined by Sleight tu 
with ,gat from circular pans. thia is 103 per cent. 

I.Or9. to reduce to Value camparable 

A lake or reservoir, considered as a whole, has not as 
great an opportunity for dissipating its vapor as a pan, 
since escnpe is pract.icnl1 limited to the vertical direction. 

compared to its area since it varies directly with t e 
diameter, while the area varies with the b uare. The 
vapor dissipating horizontally from a srna pan thus 
bears an appreciable ratio to the total, while from a large 
body of water it is pra.ctically negligible. The ratio 
of the mte of wind movement to the distance across a 
body of water is a.lso an important consideration. 

n e  author holds that temperature, relative humidity, 
and wind movement are t.he cont.rolling fact,ors in evapora- 
tion from water surfaces. 

E The perimeter of a sma i psn, however, is relatively 1a.r e 

-- 
1 Sleight R. B Evaporation from the a n r h  of watez and river-bed matsriala 

U. 8. De& Agrl.;)Jonr. A d .  Research. Vol. X. No. 5, pp. 106-aBa. 
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Q u o t i 3  again from Sleight it is stated, all other factors 
ar, that for each Fahrenheit de ee of tempera- being si 

ture within the natural range of large f odies of water 

6 er cent. The e i7 ect of pressure is probably 
there occurs a chan e in the rate of evaporation avera 

-$he effect of varying specific avity upon the evapora- 
tion rate is presentecl in some c&,ail, the author quoting 
from his own studies in the matt!er as follows: 

I n  order to work out problems arising in the writer’s practice, 
he found it necessary a number of years ago, to undertake an 
experimental study of the subject. The details and results of 
this study are herewith presented for the first time. The general 
program was to evaporate, under exactly similar conditions except 
aa to specific gravity, two samples of water, one distilled and the 

gravity of 1.32 and continued to increase with increasing densities. 
As a practical check on the curve there is available for the period 
January 1, 19OS, to December 31, 1914, detailed data of inflow 
into Owens Lake and fluctuations of lake level. The average area 
of exposed water surface during this period was 58,173 acres and 
the specific gravity of lake water 1.11. The average annual depth 
of evaporation from the lake surface as determined from the data 
was 60.8 inches. The observed rate from fresh water at Owens 
River near 1iidependence.for the three years 1908 to 1911 as ob- 
served in a floating submerged pan was 67 inchesannually. Re- 
ducing this by 10 per cent as indicated by the curve there results 
60.3 inches for the annual loss from Owens Lake as compared with 
60.8 inches as determined above. It is believe that this curve is 
generally applicable to bodies of highly mineralized water. It 
should be noted, however, that crusting will probably begin 
at slightly differing specific gravities, depending upon the chemi- 
cal composition of the salts in solution. 

IO I I I I I I I 
1 

COMPARISON OF EVAPORATION FROM OWFNS 
LAKE 8WHE AMQ DISTILLED WATER ,%AS x. L&-€ 

tons. Knpi U/#/id --- 
FIQ. I-Comparison of evaporation from Owens Lnkc brine and distilled water 

other a brine with llpecific gravity 1.11 taken from Owens Lake, 
Calif., a mineralized lake typical of the Great Basin. The S2mlpleS 
were placed in circular flat bottomed pans 4) inches deep and 12 
inches in diameter, filled to the same depth. The pan8 were from free water but 
left open at the top, immersed for 4 inches of their depth in an 
electrically heated air bath and placed in a room free from drafts. 
Constant temperature was maintained in the air bath by means 
of a thermostat. The successive depth of water in the pans was 
calculated from the observed weight and specific gravity and known 

The practical application of hydrolo y to problems in 
western North A4merica involves not on f knowled e of 

Capllhry films surrounding soil grains, crystals Of pre- 
cipit ated alkali s& and snow. The evaporation from 
moist soil also has t ,hee whic.h greatly modify 
it, vi% loSseS from vegetation, surface crust- 

dimensions of the pans. The results of the test are shown ill ing due to salts preci itated from. 

crust began to form i’t was broken up at intervals and the rate was 

Figure 1. From that diagram it app-s that the rate of et-apo- moisture, and presence o F clay in a 

outlines the P ollowing problems, (1) the evaporation from 

ration from Owens Lake brine decreases as the specific gravity 
increases, it being about 27 per cent less than distilled water when 
crusting commenced at a specific gravity of 1.275. After the 

obabeerved to be 75 per cent less than distilled water for a specific 

from concentratecl $kdi 
In the bo e Of investigation the author 

(9)  moist soils; (3) the transpiration capillmy .films; 
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' Meters per 
second , - - - _ _ _  

the evaporation from moist 

In conclusion it is desired to emphasize two points, first, that the 
study of evaporation should not be confined to free-water surfaces 
but should be extended to capillary films surrounding soil grains, 
crystals of alkali salts and snow and in connection with soils should 
include the process of transpiration; second, that there is greatly 
needed a study of methods of measuring the various ty es of cvapo- 
ration and an authoritative adoption of standards. T i e  subject of 
evaporation is important not alone in western America but through- 
out all arid and semi arid regions of the world. 

In view of the progress already made in the etudy of evaporation 
in ita various phases in western America, it is suggested as appro- 
riate and opportune at this tinie that a committee of the American 

Rdeteorological Society be appointed for the purpose of outlining 
needed investigation and selecting standard methods of ohserva- 
tion. 

Kilometers j Kilometers 
perhour , perday I 

i 
I ~. 

T H E  COURSE TRAVELED BY WIND A N D  WEATHER IN 
A DAY-AN AID I N  WEATHER FORECASTING' 

[Berlin, Germany] 

It is known from lon experience that not only laymen 

I do not refer to the fact, for a weather change. In  tg 
exam le, that after a rather long period of cold-an ap- 
prom 51 'ng low-pressure areawith warm winds on the front 
side does not bring a reversal of weather conditions by any 
means so ra idly as is expected by many who ea erly 

here, but only the advance of the air masses with wind and 
weather, or, in other words, the problem of the location 
after 24 hours of a wind or a low pressure area t.hat is ad- 
vancing with a given velocity per second or per hour. In 
this it must naturally be assumed for the sake of sim- 
plicity that the path is a straight line. It will, indeed, be 
a matter of estmabion only. But even so it appears to 
me that the solution of the roblem will be rather useful, 

the velocity of weather changes. 
I proceed with a velocity of 10 meters per second--36 

kilometers per hour, 864 kdometers per da of 24 hours. 
I have chosen this velocity (1) since from t L ' s  estimation 
can be made readily for any other velocity, and (2) since 
this is on an average the velocity with which American 
depressions more across the Atlantic Ocean toward 
Europe. Much difficulty was encountered in the selec- 
tion of the chart to include North America, the Atlantic 
Ocean, and Europe. I h a l l y  decided upon the Mercator 
ro'ection. Further, in order to meet the requirements 

rorburope and America I chose two systems of isochro- 
nous lines; one with initial position in America, the other 
with corres onding position in- Europe, namely, thc 

0. The European system has continuous lines, the 
American system broken lines. The numbers 1, 2, 3, 
etc., denote days, that is an air particle or a chosen part 
of a low pressure area after a day or 24 hours of advance 

arallel, thus from west to east or from east to 
west, wi a E reach the isochron 1, and in two days the 
isochron 2, and so on. Of course the beginning may be 
made with any other isocbron. The chosen system of 
drawing of lines and the different figures do not admit of 
eschange. We must alwa take only the lines of one 

nately. 

but also many meteoro B o ' ts overestimate the velocity of 

wish for it. 5;'hLs physical advance will not be consi if ered 

especially in bringing into f ay circles clearer ideas as to 

meridians o P 60° and Oo west longtude, which are marked 

system or those of the ot r er, and not both indiscrimi- 

The fact that the isochrons diverge toward the north 
is naturally the result of curvature of the earth and the 
pro'ection of a sphere upon a plane surface.z 

' h e  following small tables may he of value in using 
the chart: 

Velocity equivalents 

Dislance taveled in 1 day in degrees of longitude 

Length I 
(dew- 8.  .. ..-. . . ______. _.._ .. 
longitude' 
inkilo- ! 

Velocity in m. p. s. 

' I '  1 10 j 5 2.5 

-- - I * . I  0 I 0 

Hence at  latitude 70' a wind of 20 m. p. s. will traverse 
an entire quadrant in two days, but at  the Equator it 
will traverse only one-third of that distance; at latitude 
70° it would ass along the entire coast of North America, 
while at the E quator is would just moss South America. 
I t  is alwa-ys useful in making such matters clear to give 
some geographical measurements, for example: 

Kilometers 
Boston-Detroit _ _ _ _ _  - _ _  _ _  - - - _ _ _  - - _  - _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _  1,000 
Buffalo-Key West--- - - - - - - - - - _ -  - - - - - - - - -  - - - - - - -  - - - - - -  2, OOO 
Chicago-Salt Lake City _ _ _ _ _ _ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ r _ _ _ _ _ _ _  2,000 
Baltimore-Salt Lake City-- - - - - - - - - - - - - - - - -- - - - - - - - - - - - 3, OOO 

Up to this point there has been considered only the 
movement in west-east or east-west direction; the 
charts contain, however, also the isochrons for the direc- 
tions north-south and south-north, the broken lines 
parallel to the parallel circles. Here the velocity of 
10 m. s. is taken as tlie basis and the lines are drawn 
to nor$ and to south of tlie parallel of 50' N. latitude. 
In order to avoid confusing figures these lines are not 
numbered, and to me it ap ears unnecessary since there 
are only six to be considerel 

If we wish to find with the aid of the chart after what 
length of time, on an average, a low pressure area whose 
water lies off Ca e Hatteras will arrive on the Euro ean 

teras and so tlie minimum ( reusure) is to bempected 

esample o trhis is the cyclone of August, 1873 (Ham, 
Lehrbuch der Meteorologie, 3 Aufl. S. 610, fig. 80),  
which lay off Hatteras on the 23d md off Ireland on 
the 31st; just S days were necessary for crossing the 
ocean. The storm of August %&September 3, 1883, 
also shown in the figure mentioned, had a velocity twice 

coast, we note t i a t  P the continuous line 8 runs off &ab 

in the F lish Chmnel in a l? out 8 days. An excellent 

2 Supervising Forecaster Bowie conflrms the fact Illustrated by Doctor Kassner'r 
churt, vla. that the northern ends of the major axes of HIGHS and LOWS make greater 
distance In longitude thau their southcrn ends. RO that ihcse malm a m  Incline more 
and more from north-south t o  LUI east-west directiou. This actlon isespeclally notleeable 
when troughs 01 low pressure and fidges of hlgh pressurc are about to pa?s eastward onto 
the Atlank Irom the North American Contincnt. It IS 3 phenomenon that all studenty 
01 the weather chart. should keep In rnind.-Edftor. 


